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(54) DATA TRANSMISSION SYSTEM 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a 
technology by which received data can be 
exactly discriminated even when the 
power supply voltage of a semiconductor 
integrated circuit having a simultaneous 
two-way interface is lowered. 
SOLUTION: Input circuits (13) comprising 
the simultaneous two-way interface are 
prepared as many as the number of 
reference voltages to be used, the fixed 
reference voltage is applied to each of the input circuits and while using 
a differential amplifier circuit with an N-channel MOSFET as a 
differential element for the input circuit to be applied with the reference 
voltage of a high level and using a differential amplifier circuit with a 
P-channel MOSFET as a differential element for the input circuit to be 
applied with the reference voltage of a low level, the received data are 
obtained by switching the output of two differential amplifier circuits by a 
selector (14) corresponding to own output data. 



CLAIMS 



[Claim(s)] 

[Claim 1] The 1st semiconductor integrated circuit equipped with the 
data signal output circuit connected to the external terminal and this 
external terminal, The 2nd semiconductor integrated circuit equipped 
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with the data signal input circuit connected to the external terminal and 
this external terminal It is the system which ready-for-sending ability 
comes to consist of said 1st semiconductor integrated circuit to said 2nd 
semiconductor integrated circuit in a data signal through the 
transmission line connected to said external terminal. Said data signal 
input circuit consists of two or more differential amplifying circuits which 
compare the signal and reference voltage which were inputted into the 
data input terminal, and distinguish an input signal. The circuit where the 
highest reference voltage was impressed among said differential 
amplifying circuits consists of a differential amplifying circuit of the 1st 
type with which the input differential transistor was constituted by the N 
channel mold field-effect transistor. The circuit where the lowest 
reference voltage was impressed among said differential amplifying 
circuits consists of a differential amplifying circuit of the 2nd type with 
which the input differential transistor was constituted by the P channel 
mold field-effect transistor. The data transmission system characterized 
by being constituted and becoming so that received data may be 
distinguished from identifying three or more level of said transmission 
line by these differential amplifying circuits. 

[Claim 2] Said differential amplifying circuit is a data transmission 
system according to claim 1 characterized by being the circuit which has 
a latch function. 

[Claim 3] The data transmission system according to claim 1 or 2 
characterized by connecting a terminator between the edge by the side 
of the 2nd [ of said transmission line / said ] semiconductor integrated 
circuit, and a supply voltage terminal, and the multiple-value level of 
said transmission line constituting binary information 2 bits or more 
possible [ transfer ] simultaneously. 

[Claim 4] The 1st semiconductor integrated circuit and 2nd 
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semiconductor integrated circuit which were respectively equipped with 
the data signal output circuit and data signal input circuit which were 
connected to the external terminal and this external terminal of I/O 
combination It is the system which it comes to constitute each other 
possible [ data transmission ] through the transmission line connected to 
said external terminal. Said data signal input circuit It consists of two or 
more differential amplifying circuits which compare the signal and 
reference voltage which were inputted into the data input terminal, and 
distinguish an input signal. The circuit where the highest reference 
voltage was impressed among said differential amplifying circuits 
consists of a differential amplifying circuit of the 1st type with which the 
input differential transistor was constituted by the N channel mold 
field-effect transistor. The circuit where the lowest reference voltage 
was impressed among said differential amplifying circuits consists of a 
differential amplifying circuit of the 2nd type with which the input 
differential transistor was constituted by the P channel mold field-effect 
transistor. The bidirectional data transmission system characterized by 
being constituted and becoming so that received data may be 
distinguished from identifying three or more level of said transmission 
line by these differential amplifying circuits. 

[Claim 5] It is the bidirectional data transmission system according to 
claim 4 characterized by being constituted so that a selector circuit may 
be established in the latter part of said differential amplifying circuit, this 
selector circuit may choose the output of any one differential amplifying 
circuit between said two or more differential amplifying circuits 
according to the data signal which should be outputted from said data 
signal output circuit in the semiconductor integrated circuit concerned 
and it may transmit to an internal circuitry. 

[Claim 6] Said differential amplifying circuit is a bidirectional data 
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transmission system according to claim 5 characterized by being the 
circuit which has a latch function. 

[Claim 7] The bidirectional data transmission system according to claim 
5 characterized by coming to have the hazard prevention circuit which 
can adjust the timing of the change control signal of said selector circuit 
based on the data signal which should be outputted from said data signal 
output circuit, and the output signal of said selector circuit. 
[Claim 8] The bidirectional data transmission system according to claim 
4 to 7 characterized by establishing the circuit which generates said 
reference voltage in each of said 1st semiconductor integrated circuit 
and 2nd semiconductor integrated circuit. 

[Claim 9] The bidirectional data transmission system according to claim 
4 to 8 characterized by establishing the impedance equalization circuit 
for taking adjustment with the impedance of said transmission line in 
said data signal output circuit. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention is applied to the signal 
transmission to which the transmission line takes three or more level at a 
digital signal transmission technical pan, concerning an effective 
technique, is used for a simultaneous bidirectional data transmission 
system or the signal-transmission system by multiple-value level, and 
relates to an effective technique. 
[0002] 

[Description of the Prior Art] Before, the simultaneous bidirectional 
interface called SBTL which makes data ready-for-sending ability 
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simultaneously from the both sides of the transmission line is known. In 
a simultaneous bidirectional interface, in order for the one transmission 
line to perform bidirectional data transmission, the level on the 
transmission line takes one condition of a total of three level, a low level, 
high level, and those medium level, according to the combination of two 
data transmitted from both directions. Therefore, the method which 
prepares two reference potentials (logic judging level) for the input 
buffer (comparator) of a receiving side, and distinguishes received data 
is taken. 

[0003] The conventional simultaneous bidirectional interface had the 
common method which distinguishes received-data RDATA-B and 
RDATA-A by making it change as a broken line shows the reference 
potential which equips each chip with an output buffer OBF, an input 
buffer IBF, and the reference potential generating circuit VRG, and is 
generated in the reference potential generating circuit VRG to drawing 
_12 (a) and (b) according to own transmit data TDATA-A and TDATA-B, 
as shown in drawing 1 1 . 

[0004] However, the change method of this reference potential has the 
trouble that the jitter (gap of change timing) of received data becomes 
large by the change of reference potential. When this sets an input 
buffer to one and reference potential is changed, even if it is the same 
received data, it is for the timing (point that a received-data wave 
crosses reference potential) of a judgment to shift in the time when 
reference potential is high, and the low time. Moreover, if the case where 
reference level changes is considered when received data change, even 
when it is the case where the direction of change of reference level is in 
agreement with the direction of change of received data, and reverse, 
the timing of a judgment will shift. 

[0005] The technique which, on the other hand, incorporated the data 
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judged with the reference level according to transmit data by preparing 
the input buffer (comparator) which is two from which reference level 
differs as a simultaneous bidirectional interface by which the 
conventional proposal is made, operating both these two input buffers, 
and changing a latter selector according to own transmit data is 
indicated (JP, 8-1 07346, A). 
[0006] 

[Problem(s) to be Solved by the Invention] In recent years, supply 
voltage used with an advance of a semiconductor integrated circuit 
technique is low-battery-ized, and the amplitude level of a transmission 
signal is coming to take the level near supply voltage. Therefore, even if 
it was the method which distinguishes received data by the input buffer 
which is two from which reference potential differs, it was shown clearly 
by this invention person etc. that the technical problem that 
distinguishing with desired reference potential becomes difficult 
occurred. That is, the circuit which distinguishes received data with the 
reference potential in the semiconductor integrated circuit which uses 
MOSFET as an active element has the common differential amplifying 
circuit where the input differential transistors Q1 and Q2 as shown in 
drawing 2 (A) were constituted by N-channel metal oxide semiconductor 
FET. However, if supply voltage is low-battery-ized and the amplitude 
level and supply voltage level of an input signal approach, the dynamic 
range of a circuit will become narrow. Therefore, the electrical potential 
difference Vref2 of the lower one separates from the range VAN of a 
differential amplifying circuit which can be reference voltage set up 
among the reference potentials Vrefl and Vref2 for distinguishing 
received data as shown in drawing 2 (B), and there is a possibility that it 
may become impossible to perform right distinction. 
[0007] Moreover, in the conventional simultaneous bidirectional 
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transmission system, in case transmit data and received data collide, the 
technical problem that big delay fluctuation arises occurs. This is 
because the rates of the level change on the transmission line differ and 
former one becomes quick rather than the latter by the case where it 
changes towards reverse simultaneously when only the case where 
transmit data and received data change in the same direction 
simultaneously, and one side change. 

[0008] The object of this invention is to provide accuracy with the data 
transmission technique which can distinguish received data, even if 
supply voltage of the semiconductor integrated circuit which has a 
simultaneous bidirectional interface is low-battery-ized. Other objects of 
this invention are to offer the data transmission technique which there is 
no fluctuation of the time delay of the signal by the change of the 
reference voltage for distinction of received data in the case of the 
simultaneous bidirectional data transmission between two 
semiconductor integrated circuits, and can make the jitter of received 
data small at it. It will become clear [ about the other objects and the 
new description ] from description and the accompanying drawing of this 
description along [ said ] this invention. 
[0009] 

[Means for Solving the Problem] It will be as follows if the outline of a 
typical thing is explained among invention indicated in this application. 
Namely, while giving the reference voltage which only the number of the 
reference voltage to be used prepares the input circuit which constitutes 
a simultaneous bidirectional interface, and was fixed to each input 
circuit, respectively The differential amplifying circuit which uses 
N-channel metal oxide semiconductor FET as an input differential 
component is used for the input circuit where reference voltage with high 
level is given. According to own output data, the output of two 
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differential amplifying circuits is changed to the input circuit where 
reference voltage with low level is given by the selector using the 
differential amplifying circuit which uses P channel MOSFET as an input 
differential component, and received data are obtained. 
[0010] Even if supply voltage is low-battery-ized and the amplitude level 
and supply voltage level of a transmission signal approach by this, the 
reference potential for distinguishing received data stops separating 
from the range of a differential amplifying circuit which can be reference 
voltage set up, and the distinction of exact received data of it is attained. 
Moreover, since the change of reference voltage is unnecessary, there 
is no fluctuation of the time delay of the signal by the change of 
reference voltage, and the jitter of received data can be made small. 
[001 1] Furthermore, the hazard prevention circuit which shifts the timing 
which changes a selector according to transmit data and received data, 
using the differential amplifying circuit which built in the circuit which 
has the function which latches input data is desirably prepared as an 
input circuit which receives a transmission signal. It is avoidable that a 
mustache-like pulse arises to the received-data signal transmitted to an 
internal circuitry, and an internal circuitry malfunctions in the relation 
between the output timing of transmit data and the change timing of a 
selector by this. 
[0012] 

[Embodiment of the Invention] Hereafter, the suitable example of this 
invention is explained based on a drawing. The 1st example of the data 
transmission system using the semiconductor integrated circuit and it 
which have the simultaneous bidirectional interface which applied this 
invention is shown in drawing 1 . In drawing 1 , 10A and 10B are the 
semiconductor integrated circuits formed on one semiconductor chip, 
respectively. The output buffers 12A and 12B by which the output 
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terminal was connected to the external terminals 11A and 1 1 B by which 
the transmission line 20 for performing two-way communication, 
respectively is connected to each chip, and these external terminals 11A 
and 1 1 B are formed. 

[0013] Moreover, two input buffers 13A1 set to chip 10A from drawing 2 
(A) by which the inversed input terminal was connected to external 
terminal 11 A, and a differential amplifying circuit as shown in drawing 3 
(A), and 13A2 are prepared, and selector 14A which chooses the output 
of one of buffers, respectively is prepared in the latter part of these input 
buffers. Similarly, two input buffers 13B1 and 13 B-2 which are set to 
chip 10B from drawing 2 (A) by which the inversed input terminal was 
connected to external terminal 11B, and the differential amplifying 
circuit shown in drawing 3 (A) are prepared, and selector 14B which 
chooses the output of one of buffers, respectively is prepared in the 
latter part of these input buffers. 

[0014] moreover, the output-data latch circuits 15A and 15B which 
consist of a flip-flop which can latch the data which should be outputted 
to the preceding paragraph of the above-mentioned output buffers 12A 
and 12B - moreover, the input data latch circuits 16A and 16B which 
consist of a flip-flop which latches the input data distinguished by the 
input buffer are formed in the latter part of said selectors 14A and 14B. 
[0015] The above-mentioned selectors 14A and 14B are constituted so 
that the output data incorporated by the output-data latch circuits 15A 
and 15B may be changed according to the selection-control signal SEL. 
As a concrete example of a circuit of such selectors 14A and 14B, two P 
channel MOSFETs and two N-channel metal oxide semiconductor FET 
can use the circuit which inputted said selection-control signal SEL 
instead of the clock signal using the circuit of the same configuration as 
the so-called well-known clocked inverter which it comes to connect with 
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a serial between supply voltage terminals, for example. 
[0016] Furthermore, in this example, resistance dividing network 17B 
which generates the reference voltage Vrefl and Vref2 with which 
resistance dividing network 17A which generates an input buffer 13A1 
and the reference voltage Vrefl and Vref2 which is impressed to the 
non-inversed input terminal of 13A2, and from which level differs 
mutually is impressed to the non-inversed input terminal of an input 
buffer 13B1 and 13 B-2 at chip 10B is prepared in chip 10A. Let 
reference voltage Vrefl and Vref2 generated in said resistance dividing 
network 17A and 17 B-2 be level like 1/4 with three fourths of supply 
voltage VDD, respectively. 

[0017] In addition, although this example showed the case where the 
resistance dividing network which generates reference voltage Vrefl 
and Vref2 was established in the interior of a chip, the external terminal 
for inputting reference voltage Vrefl and Vref2 is prepared in each chip, 
respectively, and you may make it give it to it from the chip outside. Or 
the external terminal for outputting the electrical potential difference 
generated in a resistance dividing network and this resistance dividing 
network is prepared in one chip, and the external terminal for inputting 
the reference voltage Vrefl and Vref2 outputted from this resistance 
dividing network is prepared in the chip of another side, and you may 
make it make the reference voltage Vrefl and Vref2 outputted from the 
resistance dividing network of one [ said ] chip input into it. 
[0018] The circuit where said input buffer 13A1 and the input differential 
transistors Q1 and Q2 as show the differential amplifying circuit which 
constitutes 13B1 to drawing 2 (A) were constituted by N-channel metal 
oxide semiconductor FET It is (calling NMOS amplifier hereafter) and the 
differential amplifying circuit which constitutes said input buffer 13A2 
and 13 B-2 is a circuit (PMOS amplifier is called hereafter) where the 
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input differential transistors Q1 and Q2 as shown in drawing 3 (A) were 
constituted by P channel MOSFET. Here, the active load transistors Q3 
and Q4 by which NMOS amplifier was connected to the common source 
of the input differential transistors Q1 and Q2 consist of P channel 
MOSFETs, and the transistor Q5 for constant current connected to the 
drain side of the input differential transistors Q1 and Q2 consists of 
N-channel metal oxide semiconductor FET. On the other hand, the active 
load transistors Q3 and Q4 consist of N-channel metal oxide 
semiconductor FET, and, as for PMOS amplifier, the transistor Q5 for 
constant current consists of P channel MOSFETs. 

[0019] as mentioned above, the thing for which two input buffers 13A1 
and the differential amplifying circuit which constitutes 13A2 are used 
properly - supply voltage VDD — a low battery — even if the amplitude 
level of the signal-izing [ a signal ] and transmitted approaches supply 
voltage VDD, an input signal can be distinguished certainly. That is, in 
the case of NMOS amplifier, when the level of supply voltage VDD and 
the amplitude level of a transmission signal are near in the case of 
PMOS amplifier, as it is shown in drawing 2 (B), and the reference 
voltage Vref2 of the lower one separates from the range VAN of NMOS 
amplifier which can be Vref set up, and it is shown in reverse at drawing 
3 (B), the reference voltage Vrefl of the higher one will separate [ when 
the level of supply voltage VDD and the amplitude level of a 
transmission signal are near, ] from the range VAP of PMOS amplifier 
which can be Vref set up. However, by using NMOS amplifier and PMOS 
amplifier properly like this example, the reference voltage Vrefl of the 
higher one and the reference voltage Vref2 of the lower one become 
possible [ putting in within limits / amplifier / which can be Vref set up ], 
and can distinguish an input signal certainly. 

[0020] In the system which applied the example of drawing 1 , the timing 
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chart of RDATA-B by which chip 10A to TDATA-A is received by chip 10A 
when chip 10B to TDATA-B is transmitted simultaneously again is shown 
in drawing 4 . In drawing 4 , Tpd is a time delay after transmitting 
TDATA-B changes until it arrives at a station. In this example, reference 
voltage Vrefl and Vref2 is held uniformly all the time. The output (e) of 
PMOS amplifier is chosen for the selection-control signal SEL by 
selector 14A at the period of a low level, and a wave-like signal like 
drawing 4 (g) is outputted from selector 14A by choosing the output (f) of 
NMOS amplifier at the period when the selection-control signal SEL is 
high-level. This is incorporated by input data latch 16A synchronizing 
with Clock CK, and is supplied to an internal circuitry. 
[0021] The example of the suitable output buffer for the simultaneous 
bidirectional interface of this invention is shown in drawing 5 . Since the 
condition that the level of the transmission line is three is taken in 
simultaneous bidirectional transmission, exact medium level needs to be 
set up and it is desirable to receive the terminator for preventing an echo 
of a signal for that purpose. In this example, by adopting the type of 
circuit which uses the on resistance of MOSFET of the last stage of an 
output buffer as a terminator, and adding an impedance equalization 
circuit to an output buffer, it is constituted so that adjustment with the 
impedance of the transmission line can be taken. 

[0022] In drawing 5 , it is the output MOSFET whose QpO and QnO 
constitute an original final output stage. The output buffer 12 of this 
example It is said output MOSFET between supply voltage VDD and the 
external terminal 11. Five P channel MOSFETs connected to QpO and 
juxtaposition Qp1-Qp5, It is said output MOSFET between the external 
terminal 11 and a grounding point GND. Five N-channel metal oxide 
semiconductor FET connected to QnO and juxtaposition Qn1-Qn5, Said 
output MOSFET NAND gates G1-G5 which are connected to the gate 
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terminal of Qp1-Qp5, and consider the impedance control signals P1-P5 
and the signal A from the output-control circuit OCC as an input, Said 
output MOSFET The impedance equalization circuit ITC is constituted by 
the NOR gates G6-G10 which are connected to the gate terminal of 
Qn1-Qn5, and consider the impedance control signals P6-P10, and the 
signal/A from the output-control circuit OCC as an input. 
[0023] This impedance equalization circuit ITC adjusts the ratio of the 
conductance by the side of PMOS and NMOS while aiming at adjustment 
of an impedance with the transmission line, and he is trying to obtain 
desired medium level with the impedance control signals P1-P10 by 
controlling the number of MOSFETs with which the output-control 
signals A/A are impressed. Moreover, in the output buffer 12 of this 
example, in order to make PMOS and NMOS turn off simultaneously and 
to enable it to take an output hi-z state, the output-control circuit OCC 
which consists of the NOR gate G11 which considers Data Din and the 
enable signal EN which should be outputted as an input, NAND gate G12 
which considers the reversal signal of Din and EN / EN as an input, and 
an inverter G13 which generates the reversal signal of an enable signal 
EN is formed. 

[0024] It is an output MOSFET when an enable signal EN is made 
high-level by this. All of Qp0-Qp5, and Qn0-Qn5 are turned off, and an 
output terminal is made into a hi-z state. Moreover, when an enable 
signal EN is made into a low level, the signal of desired logical level will 
be outputted by making into ON or an OFF state the output MOSFET 
corresponding to that by which the impedance control signals P1-P10 
are then made high-level among the gates G1-G10 according to output 
data Din. 

[0025] In addition, the impedance control signals P1-P10 are generated 
according to the control data set as the control register which is not 
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illustrated. It is made to be performed in setting out of control data by 
initialization of a power up etc. at this register. It is also possible to 
constitute so that the trimming circuit which contains the component of a 
fuse etc. which can be trimmed instead of a register may generate the 
impedance control signals P1-P10. Moreover, the function which makes 
the above-mentioned output terminal high impedance is a function 
prepared for the test, and it is not necessary to necessarily prepare it. 
[0026] Next, the 2nd example of this invention is explained using 
drawing 6 and drawing 7 . Latch built-in NMOS amplifier and PMOS 
amplifier as shown in drawing 7 (A) and (B) are used for the 2nd example 
of drawing 6 as an input buffer 13A1, 13A2 and 13B1, and 13 B-2. 
Moreover, although the external terminal 17A1 for giving the reference 
voltage Vrefl and Vref2 of an input buffer 13A1, 13A2 and 13B1, and 13 
B-2 from the chip outside, 17A2, and 17B1 and 17 B-2 are prepared in 
this example, you may make it establish the resistance dividing networks 
15A and 15B which generate reference voltage Vrefl and Vref2 in the 
interior of a chip like the 1st example of drawing 1 . 
[0027] The latch built-in NMOS amplifier shown in drawing 7 (A) and (B) 
and PMOS amplifier have the 2nd differential transistors Q11 and Q12 
by which common connection of the drain was made with the input 
differential transistors Q1 and Q2, respectively, and are the active load 
MOSFET at Q1, Q2, and Q11 and Q12, respectively. The structure of a 
duplex differential mold where Q3 and Q4 were shared is made. 
Moreover, the drain electrical potential difference of the 1st differential 
transistors Q2 and Q1 is impressed to the gate terminal of the 2nd 
differential transistors Q11 and Q12, respectively, and 2nd MOSFETQ1 5 
for constant current is connected to the common source of the 2nd 
differential transistors Q11 and Q12. 

[0028] And MOSFET for constant current connected to the common 
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source of the input differential transistors Q1 and Q2 Clock signal CK or 
/CK is impressed to the gate terminal of Q5, and it is 2nd MOSFET for 
constant current. To the gate terminal of Q15, the clock signal of an 
opposite phase / CK or CK is impressed, and transistors Q5 and Q15 are 
turned on and turned off complementary. Thereby, latch built-in the 
NMOS amplifier and PMOS amplifier which are shown in drawing 7 (A) 
and (B) are original MOSFET for constant current by clock signal CK or 
/CK. If Q5 is turned on, differential amplifier actuation will be performed, 
and if clock signal CK or /CK is reversed after that, actuation which 
shifts to the HOLD status holding the signal amplified immediately 
before will be carried out. 

[0029] In the system which consists of a chip connected with the 
transmission line 20 using the above latch built-in NMOS amplifier and 
PMOS amplifier as an input buffer 13A1, 13A2 and 13B1, and 13 B-2, it 
can lessen compared with the system which used the NMOS amplifier 
which does not contain the latch as shows the transmission delay of data 
to drawing 2 (A) and drawing 3 (A), and PMOS amplifier. The delay of the 
data transmission in the system which used the NMOS amplifier with 
which this does not build in the latch, and PMOS amplifier As the arrow 
head of a broken line shows to drawing 6 , delay Tpd-FF of output-data 
latch 15B of a transmitting side, Delay Tpd-out of output-buffer 12B, and 
delay Tpd-LINE in the transmission line, It is equivalent to the sum of an 
input buffer 13A1, delay Tpd-IN of 13A2, and setup-time Tsetup until the 
latch of data of input data latch 14A is attained. On the other hand, since 
an input buffer 13A1 and delay Tpd-IN of 13A2 disappear in the system 
which applied the 2nd example as the arrow head of a continuous line 
shows, it is for data transmission delay of the part to decrease. 
[0030] In addition, the following semiconductor integrated circuits can be 
considered as an application of the latch built-in differential amplifying 
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circuit of drawing 7 . That is, the circuit of drawing 7 is used as a 
differential amplifying circuit which constitutes the input buffer IBF in 
drawing 11 which shows the conventional example. Although the 
effectiveness of reducing the jitter of the received data based on the 
change of reference voltage Vrefl and Vref2 is not acquired according to 
such a configuration, the effectiveness that delay of transmission data 
can be lessened compared with the system which used the differential 
amplifying circuit which does not build in the conventional latch as an 
input buffer IBF is acquired. 

[0031] Moreover, in such an example, even if an output signal and an 
input signal change in the same direction to a collision, i.e., coincidence, 
because data incorporation of the output data register (equivalent to 14 
of drawing 1 ) prepared in the preceding paragraph of an output buffer 
12 is performed to the start timing of for example, the clock CK and it is 
made to perform data incorporation of NMOS amplifier and PMOS 
amplifier to the fall timing of Clock CK, to the timing, NMOS amplifier 
and PMOS amplifier are made not to incorporate data. Thereby, the 
phenomenon of delay fluctuation of the received data based on the 
collision of the data produced in the conventional circuit is avoidable. 
[0032] Next, the 3rd example of this invention is explained using drawing 
8 and drawing 9 . The 3rd example of drawing 8 is an example which 
improved the nonconformity of the system using the NMOS amplifier and 
PMOS amplifier which do not contain the latch as shows drawing 2 (A) 
and drawing 3 (A) as the 1st example ( drawing 1 ) 13A1, i.e., an input 
buffer, 13A2 and 13B1, and 13 B-2. In the 1st example using the NMOS 
amplifier and PMOS amplifier which do not contain the latch, it is the 
relation between the output timing of transmit data TDATA, and the 
change timing of a selector 14, and the relation of the working speed of 
NMOS amplifier and PMOS amplifier, and, specifically, possibility that a 
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mustache-like pulse will arise in the output signal Q2 of a selector 14, 
and an internal circuitry will malfunction can be considered. So, in this 
3rd example, the hazard prevention circuit 18 which has 
IKUSUKURUSHIBU OR-gate 18A which considers transmit data TDATA 
and the output signal Q2 of a selector 14 as an input is formed as shown 
in drawing 8 . 

[0033] The hazard prevention circuit 18 in this example MOSFET which 
constitutes said IKUSUKURUSHIBU OR-gate 18A and the output stage 
of an output buffer 12 Selector 18B which chooses either of the outputs 
of inverters INV1 and INV2 which drives the gate terminal of Tr1 and Tr2, 
Selector 18C which chooses either of the inputs of inverters INV [ INV1 
and ] 2, It consists of selector 18D which chooses either of the outputs of 
Selectors 18B or 18C. Selectors 18B and 18C are changed according to 
transmit data TDATA, control is performed, and selector 18D is 
constituted so that it may change with the output of said 
IKUSUKURUSHIBU OR-gate 18A and control may be performed. 
[0034] The timing of each signal in the example of drawing 8 is shown in 
drawing 9 . It works so that the example of drawing 8 may make change 
timing of the change signal SEL of a selector 14 by the hazard 
prevention circuit 18 when the logical level of the output signal Q2 of 
transmit data TDATA and a selector 14 differs, and change timing of the 
change signal SEL of a selector 14 may already be made late, when the 
logical level of the output signal Q2 of a comb, transmit data TDATA, and 
a selector 14 is the same. It is avoidable that a mustache-like pulse 
arises in the output signal Q2 of a selector 14, and an internal circuitry 
malfunctions by this. 

[0035] in addition, as an input buffer 13A1, 13A2 and 13B1, and 13 B-2 
In the 2nd example ( drawing 6 ) using latch built-in NMOS amplifier and 
PMOS amplifier as shown in drawing 7 (A) and (B) A hazard prevention 
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circuit 18 like this example is unnecessary by setting up the latch timing 
of the output signal of the selectors 14A and 14B by latch circuits 16A 
and 16B so that it may shift from the timing which the above-mentioned 
mustache generates. 

[0036] Next, the 4th example of this invention is explained using drawing 
10 . The example of drawing 10 transmits data on multiple-value level 
through the transmission line 20 among semiconductor chip 10A-10B. 
However, the transfer direction of data is an one direction (from A to B 
[ Drawing ]). Although not illustrated, the sending circuit for transmitting 
data to 10A from semiconductor chip 10B for data transmission of hard 
flow is established in chip 10B, and a receiving circuit is established in 
chip 10A. Moreover, in this example, Terminator Re is formed in 
receiving one end of the transmission line 20. 

[0037] The sending circuit in this example is constituted by the OR gate 
G21 and the AND gate G22 which consider as an input the flip-flops FF1 
and FF2 which latch 2-bit transmit data TDATA-A and TDATA-B, and the 
data latched to these flip-flops FF1 and FF2, and CMOS inverter19A and 
push pull output stage 19B by which the output node was connected to 
external terminal 11 A. Among these, MOSFET which constitutes CMOS 
inverter 19A The output signal of said flip-flop FF 1 is inputted into the 
gate terminal of Tr3 and Tr4. Moreover, MOSFET which constitutes push 
pull output stage 19B The output signal of said OR gate G21 and AND 
gate G22 is inputted into the gate terminal of Tr1 and Tr2, respectively. 
[0038] On the other hand, as for the receiving circuit of chip 10B of a 
receiving side, a non-inversed input terminal is connected to external 
terminal 10B into which received data are inputted. The input circuits 
IBF1, IBF2, and IBF3 which consist of three differential amplifying 
circuits where the reference voltage Vrefl, Vref2, and Vref3 
(Vref1>Vref2>Vref3) from which level differs respectively was impressed 
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to the inversed input terminal, It consists of the AND gate G32 which 
considers as an input the output of the OR gates G31 and IBF2 and the 
reversal output of IBF3 which consider the output of input circuits IBF1 
and IBF2 as an input, and the OR gate G33 which considers the output of 
this AND gate G32, and the output of said input circuit IBF1 as an input. 
[0039] And in this example, the PMOS sense amplifier with which, as for 
IBF3, a differential transistor consists [ the NMOS sense amplifier with 
which a differential transistor consists of N-channel metal oxide 
semiconductor FET ] of a P channel MOSFET again is used among 
[ IBF1 ] said input circuits IBF1, IBF2, and IBF3. Either an NMOS sense 
amplifier or a PMOS sense amplifier is OK as IBF3. Let reference 
voltage Vrefl, Vref2, and Vref3 be level respectively like 6/7 of supply 
voltage VDD, 4/7, and 2/7. It is avoidable that reference voltage Vrefl 
and Vref3 shifts from the range of a differential amplifying circuit which 
can be Vref set up, and it becomes impossible to judge the level of an 
input signal by this. 

[0040] The usual differential amplifier which does not contain drawing 2 
(A) and a flip-flop like drawing 3 (A) with the flip-flop built-in differential 
amplifier as shown in drawing 7 (A) and (B), either is sufficient as the 
input circuits IBF1, IBF2, and IBF3 in this example. Although you may 
give from the chip outside as reference voltage Vrefl, Vref2, and Vref3 
is shown in drawing 10 , the reference voltage generating circuit which 
consists of a resistance dividing network etc. may be established in the 
interior of a chip. 

[0041] Next, transmission actuation of the data in this example is 
explained. First, a sending circuit makes the output transistors Tr1-Tr4 
turn on selectively according to transmit data TDATA-A and TDATA-B. 
By this external terminal 1 1 of chip 10B of receiving side B It changes to 
the potential according to a ratio with the turned-on resistance of the on 
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resistance of a transistor, and the terminator Re of the transmission line 
20. It is distinguished by being compared with reference voltage Vrefl, 
Vref2, and Vref3 in three input circuits IBF1, IBF2, and IBF3 where this 
potential consists of a differential amplifying circuit of chip 10B of a 
receiving side. According to the combination of the output of input 
circuits IBF1, IBF2, and IBF3, a logic gate G31 - G3 restore transmit 
data TDATA-A, the same received-data RDATA-A as TDATA-B, and 
RDATA-B, and it is latched by flip-flops FF11 and FF12. An internal 
circuitry is supplied. 

[0042] Transmit data TDATA-A, TDATA-B, ON/OFF state of the output 
transistors Tr1-Tr4, the potential of the transmission line 20, the outputs 
SA1, SA2, and SA3 of the input circuits IBF1, IBF2, and IBF3 of a 
receiving-side chip, and the relation of received-data RDATA-A and 
RDATA-B are shown in the following table 1. 
[0043] 
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[0044] It turns out that 2-bit transmit data TDATA-A and TDATA-B are 
changed into the signal of 4 value level, are transmitted by the 
transmission line, and are again restored to 2-bit received-data 
RDATA-A and RDATA-B correctly from a table 1. 

[0045] Although invention made by this invention person above was 
concretely explained based on the example, it cannot be 
overemphasized that it can change variously in the range which this 
invention is not limited to the above-mentioned example, and does not 
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deviate from the summary. Although the above explanation explained 
the bidirectional data transmission between the semiconductor 
integrated circuits which are the fields of the invention which became the 
background about invention mainly made by this invention person, this 
invention is applicable to the bidirectional data transmission between 
the board systems carrying a semiconductor integrated circuit. 



[Effect of the Invention] It will be as follows if the effectiveness acquired 
by the typical thing among invention indicated in this application is 
explained briefly. That is, even if supply voltage of the semiconductor 
integrated circuit which has a simultaneous bidirectional interface is 
low-battery-ized, received data can be distinguished to accuracy. 
Moreover, it is effective in becoming possible for there to be no 
fluctuation of the time delay of the signal by the change of the reference 
voltage for distinction of received data in the case of the simultaneous 
bidirectional data transmission between two semiconductor integrated 
circuits, and to make the jitter of received data small at it. 



DRAWINGS 



[Drawing 1] 



[0046] 




10A 

ISA 



10B 



TDATA-Ao- 



■oTDATA-B 



RDATA-B 



RDATA-A 



CK 



22 



[Drawing 2] 

W 

VDO VDD 




VDD • 



Vrefl . 
(High) 

Vref2 - 
(Low) 



K8m m 5f 



vss- 



VAN 
! ^—Vds+Vth 



[Drawing 3] 



(A) 
fVDD 

nqos 



Vref2(Vref1) — 5tf~ ~%-\H 

tl f OUT 



03p(-4Hq04 

vss vss 



VDD - 

Vrefl — » 
(High) 1 

Vref2 —I 
(Low) 



ill 



VAP 

(Vref HJgiMBttH) 
—Vds+Vth 

*y-by h 



[Drawing 4] 



(a) iSSx— 9 A 
TDATA-A 



(W 



to) 



(d) 



iSfix— 5> B 
TDATA-B 



SEL 



(f) NMOST>^ai* 



w RDATA-B 



Si:!: 

2.0— 

S '- 6 ■ 
2 '°- 

2 D.5 - 1 
" 0,0'-' 
_ 2.0 

a 1.6- 

Uj 1.0 «- 

e o. b 

0.0 
2.0 
H 1.6 

W 10 
2 0.5 
" 0.0 



\f \T±]~\ i 



J Vrefl (High) 
-j Vref20.ow) 



B 2.0 




[Drawing 5] 




[Drawing 7] 



24 



(A3 

VDD VDD 



-OUT 



Vrefl 
(High) 

CK 
CK 



Ol5 



HC05 
-VSS 



CK 



CK 



J VDD 
-cJCOB 



CO! 



J VDD 



Vra«^QlS35j12bl>- IN 
< Lo *> Oil f X „ fi» 



G3>l-CjQ4 
VSS VSS 



-our 



[Drawing 8] 



I 



TDATAo— < ' 




INV1 aV» 
<Or1 



, 18C 



18- 



18D— _ 



-Dr2 



D-[*<]-Q<} 



SEL " 13Ai 



PAD 



-n Vrefl 



i Vref2 



[Drawing 6] 



25 




[Drawing 9] 




[Drawing 10] 




26 



[Drawing 1 1] 



Jl 

TDATA-An— 



OBF 



7>1 



Vref 
suma 



n. 

RDATAHB n- 



VrofA 



IBF.- 



J~L 

— <Jq- — T-oTDATA-B 



OBF 



Vref 



VrefB 



.> nRDATA-A 

IBF 



[Drawing 12] 



(a) TDATA-A 



(b) TDATA-B 




-/"V " A" "A" -A -jvrefA 



2. 

s ! 
"3: 



> B B> w 



VrafB 



CUZLiZLiZLJ 



M> RS^Nffl = j.s 



(e) RDATA-B 



2-0 
S 1.5 
w 1.0 
H O.S 

0.0 



I 



"in i:ui 



27 



PATENT ABSTRACTS OF JAPAN 



(1 1 Publication number : 2003-229917 
(43)Date of publication of application : 15.08,2003 



(B1)Int.0l. 



H04L 25/03 
H03K 19/0175 
H03K 19/20 



(21)App!ication number : 2002-027895 
(22>Date of filing: 05.02.2002 



(71) Applicant 

(72) Inventor ! 



HITACHI LTD 
TOYOSHIMA SHUNSUKE 
FUJ1MURA YASUHIRO 
TAKAHASHI TOSHIRO 



(54) DATA TRANSMISSION SYSTEM 

(57)Abstract 

PROBLEM TO BE SOLVED: To provide a technology by which 
received data can be exactly discriminated even when the power 
supply voltage of a semiconductor integrated oirouit having a 
simultaneous two-way interface is lowered. 
SOLUTION: Input cirouits (13) comprising the simultaneous two- 
way interface are prepared as many as the number of reference 
voltages to be used, the fixed reference voltage is applied to each 
of the input circuits and while using a differential amplifier circuit 
with an N-channel MOSFET as a differential element for the input 
circuit to be applied with the reference voltage of a high level and 
using a differential amplifier circuit with a P-channel MOSFET as a 
differential element for the input circuit to be applied with the 
reference voltage of a low level, the received data are obtained by 
switching the output of two differential amplifier circuits by a 
selector (14) corresponding to own output data. 




,,....-/.^t-., 'i-jj-.-r-^— 1 1» 




http://wwwl9,ipdl.inpit.gojp/PA1/result/detail/main/wAAAgEaiGgDA41 52299 17P.„ 2008/01/10 

i 

I 



(19)B#jf#fW (JP) 



o*> & M ft Sf & «K (a) 



#$§2003-229917 
(P2003 - 229917A) 
(43)&B§ 0 Wffim 8 E 15 H (2003. 8. 15) 



©Dintcr mb«h» 

H0 4L ?5/03 
H 0 3 K 19/0175 

19/20 10 1 



F I 

H0 4L 25/03 
H0 3K 19/20 
19/00 



E 5 J 042 

1. 0 1 5 J' 0 6 6 

1. 0 1 S 5 K 0 2 9 
I 0 1Q 



mm* *n$ m*«©*b ol (411.B 



C21)tfUK#9 


#S2002-27895( P2002-27895) 


(71>ffllSA 


OOOOOiilOS 










(22)tf|fe?H 


'¥j*14*p2Ji 5 0(2002.9.5) 












m m 














































mmmA 


100085811 
















mmzm< 



(54) mW<D%m &-9&m/7Sr& 

(57) imm 

mmsmMmmmmmmfc $ fix t> jew tam-f - * 

Jim® ( 1 3 ) ffiffl-rs#sa«£Eo»rtfftffl*L-c 
t$ wt #A*ia«&t(4ii3e3 ti*:#?f,mj±£ **t**i4 

*|ig®8&£ffl<<\ K;P* s ffiv>#^U±^x £>2x4A . 

^IlISIWiPf-V^MOSFET^ilS&^t-ri)!! 

wmmmm&tiz-Ku?? (14) -ewot^TSft 




!(2) 00 3-2 2 99 1 7 (P200 3-229 9 17A) 



tzimtmxit ^imixxm^mwi-tt 2a 
m &amsmn ? *>m t> » v ^HtiBEfr'EPflns tut 

EPin£ tifcWJiA^ll) b y > 9 if P *rt*ffl' 

{smiso 3 JGLba l^^wij-fi. £ k i 0 
STOW"* ± 3 (cBW3iiT4ft £ k ifflit-t&T- 

»?M £ k tWIfcf *lt»51 1 

[MS* 3 ] fufBfSiMStO ffifiem 2 0¥gtt*»®B& 
HOW k tHWEtf? k affl£ttil«Wffi£!^^3 
tu wSsSB^m^^^MzX^X 2 t'-y hJjLkOA' 

milk t>K mmmWi^mmtifcimmzftLxK 
x. 

amtmrnzt ^mixAm^mmtt 2 a 

7y : Jx$t,z£ *} fitjS;£ tifcH 1 :M TcoHfjtWIIaIS& 

H40s mri a^f jiiiimsico 3 *>m t ffiv ^#ixj±# 
EPiD§n7tmS8{±A^ll»i b 5 y^^**Pf-Y*;v® 
h ? y 9 fc j: 9 « § fife* 2 * 4 r on 

WMM&iPtt 0 . iti^OiaPHBIIIRti: DffifB 
3 JiLLO W<A*KM** £ k J: 0 g«r-^ 

sTOi-rs «fc 0 &m$tixit*z t im.ttz>m 
[f«*3a 5 ] wianijiiiiiii^wastii-fei'^ m 



£o \zm^iix\^h £ k mw.tthwmm4 ttea 

BIBTfti - k ^#Sk-r§tt*3l 5 tlBii^J(*^T 

^*f->«# k HtriB-fei^^ ^msswttiwi^k icaw 

■WTiear-'Mf- HR&±HI»*flliT=ar4 £ k smk 

[ft«H8 ] fOTB#£«E£?&£-f & UllS^fuiam 1 
O^j^ftinei k 8£ 2 «t«ifc 

o^ yt-^>xtoi^£kl>to*'>?M yt-^yx 
viLscov ^-m^H^iam^*^ r-^ fs* ^xt a . 

[000 1] 
[0002] 

^ zmmmz-th s b t l t mtti& y 
of- '9 coffifritizm txuwovt^ y<)i>b* 

tl feO WbI W^Oth 3 OO V<7>OV ">-f n^com^Sr 

^) ^2-p<?)#HB*e (nafls^i-) ^ffl«tTfc 
[0003] m&ommxjj^ v9->x.-n±, hi 

1 tSrf X o. fc . #f - 7 TlzWi* v y r O B F k X* 

rW7y I BFk#SSmfifte®g§VRGkmi, # 
S§«fi^40SSV R GT»£1-£ 
ftr-^TDATA-A, TDATA-BfcJStTHl 2 (a) , 

( b ) izmmx'^t x o (cswts *s £ k t-sft-f'-^ 

RDATA-B , RDATA-ASrflSIJI-^^^-^T'J) -p tz . 

[0004] u^Lt^fe, z.<nMmm 3 mt-&£ 

it. ^M&ntMlteX-oXi&iaT-feiitv? (SE 



!(3) 003-2299 17 (P2003-229917A) 



4. ttM. A*^ y 77ft lot LTMPMiftW 

#{f Jlftftil -TO4 ) ff-ftlX Lto t&X'h 4 „ t 

mkvfifo t -tttutek &coW& k WJ£?) * A 
[ o o o 5 ] fieMess^fiT^s nrnmUM y 

?7x.~XkLX. mWUOV-tfWj:* 2 -o^A*^' >y 
7r (nyA-k-^) ftf&«\ ^«2oc7)A^'-y7r 

cp-fe ^ ? * ft-ffl 0 l> £ 1 1 ± 9 , SIf- * fcJC t 

«#SK£*roV|, (#frW8- 1 0 7 34 6-t) 0 
[0006] 

fcWm<nW^<>WWMMBti&^l'^V* k 
2-ocDA^A' » 7 r TfMR*-*' 

t%h%, mosFETitmm^ki-^^mwmB 
mzm&mMiixgmT-fitmmt&mmi.. m 
mm 2 (a) izm-x a &a:Mj >• ? yvwo, 

1 , Q2#*N*-V*A'MOS-FETfc:J: *)fflf8,%tlfc£ 

■HrtHaMMW**. UpU «?Kt:E#ffi«E 
^^tiTA^ffi^^IfM^^^t^Sttff^^^jfi^' 
Wt*4 t WtfF>¥4 7 Uyi/tfm<%:& . 

12 (B) (C^^tLTVM.i'S^fiT'-^ftfl 
J3IJ1-I. /t46cO#HS«{4Vref 1 , Vref 2<7) 3 v^coH 
j±Vref2#\ ^iHS1iIHlg-§^#BWJ±fS^t^HVA 

[0007] &tz, m^mmxijMm-mxu. m 

fir- 9 k gfir - * iffi&t 4 BteifcS Srr * W £ 
fir— 9 jfiW^ffo If — itlNSMtrf 4 *§-h k —'fttiVf 

tmtti^^mm^ncou^zmttiii^kx' 

[0 0 08] £*>JKH«>i»li, W»3S06ri«!i^^7x 

t, ssr-^f jjsoo7tfe«#^i;Eo-rostt <t 4 
m^mmmm^tt^ < stir- * s> * * ft 



>£&4T-£>43. 
[0.009] 

[Pffiftji¥«fc-f4Jt«><0#a] *BfcBV^TP#p£;h-4 
IPJco 3 fcftSJ&Srfc W«8©ftl«tUi\ TIBOk 

HW-4 A* HS^ft . ffiffl1-4#li«E^^mm LT 
fev^T#A*@l»t«±ilS§^#Hi*Eft^tLm* 
i4U{.fc> K;P^^#HsmEA ? *z. htihKh 
HBfcttNf-* iM'M O S F E T ft A^mJj^fc-tS 
atbiiiSHI.SSftffl^ s K^^'ffiV i#hb«E*^x <5*i 
4A^®»t{±Pf-v*;WW0 S F ETftA^MfJ*^ 

fc-T4Mi)tiiii[iis*ftfflv\ i#otB*r-^tJ£tr 

2'OC0Mfjit1Sll]KOI±i^ft-bP' ^ ^ffl) D#iTSfl 

[0010] £*UcJ: 0 . WWKBWKtEfllSitTfi 
WM&rtmwv k tSIEK;kWi t, Sit 
T'-^ftWS^4^^«#M«fiA^»JiiifIlllff^#P. 

4o 

[ooii] sfejc, a*u<tt,.fiaM»twt6A 

TJlUSSkLT, ASr-^ft7-yf-t4«|gft*-r4|ll 
^ft^L^Mi)«il@S#ftffl^4A\ iMftf-^kS 
fiT-^^j6tT-t^?^ftW l 9#^.4^'f sv^ft-f 
fe-fA-T- HR&±|lI»ftSft6 i -5 & . C/it J: 

Os mtT—?<n$tf)f4 ^yyk^vffffymi.-? 
4$y7k<Dmm\ m®mzmzti&%mT-? 
mizh?m'vvxtf£txftmmnm)fti-&<?). 

■km^fhLkifiX'%^. 
[0012] 

Wteg&^XWm-h . B 1 til. *%HJft3Iffl LfcMI 

n#?x*tfti^ y^7x-xft*-f4^fi»»iiis#fcj;t/' 

tL-CV->4„ Hlfct5V^"C, 10A, lOBJi-ttl-eh.1 
. 2 0 j^8«Six6 JWSWF 1 1 A , 1 1 B t , W\ 

mm? 1 1 a, 1 1 BfctB^swfr^^tL^tB^A'.y 

7r 12 A, 1 2B^fotLTV>4. 
[00 13] f7710A(Cl±. MSflH 
.■ICRjRAflWPa^SilfcE^ (A) , EI 3 (A) liZ 

m-fk^j:mmwmm^^2\mxf]^vyr 1 

3A1, 1 3A2#a«-£>*L, Ctl^^A^A'-y7rc7) 
-tel/^rJ' 1 4 A^'ig5t^tlTV>4„ f?71 0 



!(4) 003-2299 17 ( P 2 0 0 3 - 2 2 9 9 1 7 A ) 



2 (a) , H3 (a) t,z7j<tm$mw<®m>b%& 2m 

tyjjXv 7T13B1, 1 3 B 2#RH-fe<l, dil^ 

<DtB7j fcaEKf *> -b * 1 4 fi MWt ^^Lt . 
[0 0 14] ±IEffi7j;<777 12A, 12 BCD 

7n>yTA>'c»^l.aj7]T-^7>yf-|llS&l 5 A, 15 B 
fcffia-fe W?14A,14B CDfM£fc«4A7J^ 
77r fcJ; D WJ £ tifc ATI t— ^ Sr 7 7 'J -y 
7°7t3y7'*^&l>A7JT-:?5'7'f-|I]SSl 6 A, 1 6 

[0 0 15]±E-feW*14A. 14B14. ffiTJr- 
^77f-0S&l 5A, 15BHR'9ii4*UfeBl*f-^ 
£9ftMttHt9 S E L fcjfe t X® 0 #£ I) «k o (dltft3 

it*. .r^aft-fei-^i 4A, 1 4 BcDftftw&ia 

g»0>JkLT(4. Witf 2ffl<0P^*;l/MOS.FETt 
2ffl*DNf : +*A'M0 S FET**1KR«£Bffiflatll:5!l 

MHSJJWCIf- S E L fA*t* J: 3 fc LfcEI&fcffl 

[0 0 16] Sfcte. *ilWC"i±, f-'vTl OAt 
f4. A*^ 7 7 7 1 3 A 1 , 13A2 ^#RKA7lS^ 
te6pJnS<l*S:''^=V^«»5r*#B8*BEVre!fl, V 
ref 2* Jfit-f 6SEiJt«f" J0» 1 7 A#\ f" 7 7° 1 0 B 
S4. A73A./77 1 3B1, 1 3B2<D^K!fteA7J$B^ 
feBfflP'S*L6«WEEVrefl , Vref2*H±-f SJSiS* 
MW17B*itit^t^5. lufSffiftfttWl 7 
A, .1 7B2T'm§tLl,#M«J±Vrefl, Vref2{4. 
*#lWltaWffiVDD<!D3/4 k 1 /4 <9 J ; a & WW 
k§*il>. 

[ 0 0 1 7 ] iOSOtMtTJi, #{S«EVrefl, 

Vref 2£5te-f & ffim^SM^'f- 7 7"l*lSBKgHt Ctl 
X^hi^^LtztK #!f*J±Vrefl, Vref2£A* 

l-§fctoo^«?&#f-7 rtm^wrcf- 77° 

li£ 0^4MWEIKa»&att Sfl/£#B8«£EVref 1 , V 
rw&mWm&frb as* 3 flfctflWEEVrisfl. Vre 

[00 1 8] MBA*^'777 1 3A1 , 13B1M* 
JSf 6HBlii6ia»ttH 2(A) fc^-f J: 3 &A7JH1) 
hyy^'X^Ql , Q2s& t Nf-+*;l'MOS.FETtJ: 
9«£tu£IIlf§ <OT, NMOST^rklW-*) tr 

*•). MfEA73A-.y77 1 3A2, 13B2t«WW* 

mmm^mmtm 3(a) c^-ri d &at^» hy> 

i>X$Q.l, Q2#Pf-^*^MOSFETfcJ: 



cot. PMosr>-7°i:»-r§) tr&s. 

d^LT. NMOS7>-7°{4. Xtsmihyy'JX^Q 
1 , Q2c0^y-*fci^$*lfc7?T4 
>i?X?Q3, Q4^Pf-r^MOSFETf«)!g$ 

it, ATJ^ffJ b 7 y i?*. 9 Q 1 , Q 2 <o >* w yffltig 
«S*Lfc£188SJB hyy'JxfQS *»Nf-r *A-M O S 
FETTfltBSStlT^I.. PM0ST>-714. 7 

?T-f 7AWh7y^X^Q3, Q4#Nf-**/MWO 
SFET"C«StL. £«tffl h 'j-y*JX9 Q 5 #Pf- 
*>MO S F E TT"«£tLT V>|» . 
[00 19] ilBOiofe. 2o<0A7JA'.y'7r 1 3 A 

i , 1 3 a 2 ftauastsiaBuaBiiiBffftffiv^tts i k 

NMo.sry7W*^-fc{4. masiEVDDio^^ 
kf53ijt#««K;u* s jffv^k. H2 (B) j; 

5t, © ^<0#jfS«ffi Vref 2tfi NMOST V 7°CD Vre 
fK£*TffiKHVAN*»^^iT.TL*V\ itfc. PMO 

s 7 yromtrtznt . cssns vddo uov t esfi-f- 
«»K;W { i£^k. 113 (B ) t^tiofc. *tv 

*«#Br«E Vref 1*« PMO ST y7'£) VrefKS^TIB 
«SHVAP*»W|.^TL4 3. Lfcifc, *^Jfi»J: 

•5 tNMo srvrk pmo sr vrk ftffiv^tsc: 
k fc J: 0 > *v *«WHtEEVref 1 (> fgv ^ODiMWtE 

[ 0 0 2 0 ] 04 W4. H 1 O^ttffjftjtffl UXf 
MZH^X, f-77'1 0A*^TDATA-A# s &1z+v7° 

10BK TDATA-B^'lalDffcJtfi^ Kf - 7 7° 1 
OAT'^SftSRDATA-BCDrM Sy^f-^-b* 4 ^ 
fLTV^|> 0 04fcfc^T. TpdiijIffTDATA-B^-ft 

ifi«tfeV^T(4. #SH«EVrefl. Vref 2!if -5 t-g 
teftftSfi*. StKfJffllfi-tSE L^n^Krt^HB 
{4-feW^^14A^J;0PMOST>'7"coas* ( e ) ^ 
JMfK^ix. SfKfiMi-tSEL^VW Krt«««BW4"N 
MOST>-TWtB7J ( f ) *«ffi$*U>ifcfcJ:9, i 
4 ( g ) <7) ± 3 ^WcOfl^-fe l/^ ^ 1 4 Aj&»fe.tU* 
8*14-. Ztdfif-nv 7 C K tHIi LTATit-^'7 7 

^i6Afc]ixoat^. m®mzimzti&, 

[0 02 1 ] H5W4. *5ffiHOR|i©j5arifti'f ^7i 

mmumrnxu, 6Si«i/W3-9«fti§M 

MU\ i<7)»Wfcfcv^T{4. {IJ*^7 7r<0«» 
. Sc7)MO S FET<0^yjgfit&»*ffiKfti: LT?Jffl"t4 
@TO^»fflL. tB7jA-.y7 7t-f>b-^>^MB 
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0K£fWnt5'£ k 1 i 9 > iSMSWM ytf-ryxk 

[0 0 2 2] H5tC*}yvts QpO, Qnoy**mft 
if§tii*iaS:«-ri.ai*M0SFET-C-S) l 9, *^WJ 
toMlJXvyr 1 2tt, «WtEVDDk*MWF H k 
cOMtWIEffi^M O SFET Q P 0 k ttMKSR&tl 
fcSffl^Pf-^^MOSFET Qpl~Qp5k, 

ws? 1 1 k s«g n d k <vrmz m eta* mosf 

ET Q n 0 kmttzmW&tlt: 5ffltf)Nf-v*/l-MO 
SFET Qnl~Qn5k, MlEtBTlMOSFET 
QP 1~Qp 5«>**-MRfc3W8fL-f yt-^yx 
ffiMfi^-P 1,~P 5 k tB*iJ#HIKO C C4>fetfD^#A 
£*A*.fc-*-4NANby-hGl~G5fc:, IBEiBTJ 
MOSFET Qnl~Qn5«y-hi&FtSSKSiX 

yK- j>*W#M»P 6~P 10k aj*«0»El»o 

g i o k t J: 0 4 y tr-^yxilfflilSS i tc#«3 

[00233 iw-f yt-^yxiasiii»iTca % -f 
yv-yyxfflfflii^P l~P l oti-st, titti«P 

fit A, yAa^SiUMOSFET****** - * 
=$h'pmo sillk nmo s iJ<7) n y ? yxco&zm 
fc»'*S|IWW)B^<V7T 1 2fctJMTtt, PMOS 

k n m o s * mmfc* 7 3 t ffi* >vf -f y t 

0 ffi*1-^*T-^ D i 

n *j J: IM *- 77Wf *E N £ A7J kt S N O Rf- V 
Gl Ik, D i nkENORi|Efi#/EN£A7Jk-f S 
NAND^'-bG 12 k, -f *-77Wt-f - E N coRKfl 
*ft£(OT4W WWG 1 3 fc*»t4S{ii*S0«lIlII» 
OCC^tt^tLTV^I). 

[0024] itit i-3T> 4 *-/;HS#e rww 

K;WC$tiSk, EfJ^JMOSFET Q P 0-Q P 5 
tJitXQ n 0~Q n 5^T^7StlTtB^SWW 
4 >-h°-^yx«t§ixl> . jfcfc. -f*-7";Wi^E 
N^n^l^HcSit&k, y-t>Gl~Gl 0<7)5*> 

* cok § 4 y t-^'yxiiffiijltP l ~p l oi*M b 
$ *rc \y h i><DliZMB~t& Hi^MOSFET^tB 

k J: 0 , J5rS<0iftau^i'^#* i ai* £ixl> £ k k 

[ o o 2 5 ] $43, A yf-ryxi)iij»fttP i~~p l 
o«, t$v->3 y h n-;n> 5£** icWe&hJfcW 

<7> )- u s y #^3*? &*tr h y s y *Tg»fc i ix 
-f y\z~yyxwmfi? i~p l 0££j£-tSJ: a t 



4 yt-ryxt-r*»SBJ4rX KOfctf>tcRW-£>*ifc 

lit* o , m i *> wiiem&tv . 

[0026] fcfc, *ffi&fSl2 <7&mm > 06 43 A 
tfH7*fflwc&ifttS. 06coll2ff«M, 
77713A1, i'3A243.ktf 13Bi, 13B2k 
LT, 07 (A) , (B) tttt£5%>5v*mm<?> 

nmo sryrk p m o s ryrim^h i. o t l/s i> 

OTSS. iOMWTIJ:, Ai^77Tl 3 A 
1, 1 3A243iV:i 3B 1 , 1 3 B 2 <0#^«JBE Vre 
fl, Vref2&^yr^^A^i.Sfc*«!0iWJ«FFl 7 
Al, 17A2kl7Bl, 17B20tRfr}-4>4VO>S. 

*\ h i i nfMH k iBistf - 7 rnmzmwMEv 

refl, Vref2^^fe-ri)fiffi^flJlllgtl 5 A, 15B2r 

[0 0 27] 07 (A), (B) t5jff5>yf-rtifflO 
N M O S T y r k P M O S T y 714 , A^HiJl h 5 y ^' 
X>Q1 , Q2kWF*lKW y* s ft5Itr^Sil7t® 
2M»Jh5y^'X^Ql 1, Ql 2S:WL, Ql, Q2 
kQll, Ql 2kT"-eixmr?f-'f 7't?tM0SF 
ET Q3, Q4ft«*t«J:^fcLfcZJHIIHloai 
3§^LTV>S. ttis m2m))hyy~Jx?Ql lk 

q 1 2 co^ - - Mni^tcttf ii-etLis i Hi) hjyvz.? 

Q2kQliO»4y«E^'EpJnStL, ^2H|!)b7y 

^'x^qi i , qi 2<n^mv-x\iz\im2C)^^m 

MOSFETQl5^'flS$tlTV->|. 0 
[0028] ^UT, AAiailb^y^^Ql , Q2 
c7)itjiy-X«g^^S«StfflMOSFET Q5 

$tL, »2CO^«85fflMOSFET Q15W-MI 
^^{4, ffifflO^ n 7 ^ft-t/C K*tettC K*«fflftl4« 

fLS. dtlfciO, 07 (A) , (B) vf-rt 

^MoNMosry7°kPMosry7"{i, ^n-y^ff 

#C K *fcl±/C K fc J: D **C0fe*si!fflM O S F E T 

Q5A^y§ixSkS»iiiPH)#& / fT'5rVK 
n 7 7fi#C K t tte/Q K*»RRt* klttfrtHWi L 

[ 0 0 2 9 ] JJEOJ: '5*5 v^-rtliaiONMO STV 
7tPMOS7y/^A*7 7r 1 3A1 , 1 3A2 
43 Jtyf 1 3 B 1 , 1 3 B 2 k UT ffiffl tfi^S 2 0 T« 
^i v L7tf-77' , A^*l.v'7.Ti>.fc43V-»T{±, t — 90} 
SJW-fMtr, 02 (A) , 03 (A) . {csrfj: 
7 7f-&F f 3^LTV>!5rV>NMOSTy7"kPMOSTy 
7" L^yXrA bt^TiP* < -tl. Z k tfX'Z 
h* ZM$^ 7 7^£ft]lLTV^NMOS7y7' , k 

PMosTyy'i&mifzyxTMz&tf&T-fmm 

ff)T < {4, 06 fcWWJfclS-CSS-*- J: 5 fc, Mflti 
OtU*-r-^7 7^1 5 B cOt-Y V4 Tpd-FFk, i±i*A' 
77r 1 2 B f)f -f l--4Tpd-outk , fEjiSf^r < V 
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>f Tpd-LINEi:. AM'-?7r 1 3A1 , 1 3A2Wf 
A W Tpd-INfc , AtlT-3> y-vi-14 Atf?-?*? 
7 f-^ffifc^r l> 4 T'CO-fe >y h 7* y TB^BTsetupfc Otlfc 

Ttt,. »l<7)^EPT*-r J: -5 fc, A*A'.y 7 r 1 3 A 
1 , 1 3 A2X'COt4 WTpd-IHjWli&<ir$WC, 

[ 0 0 3 0 3 07(7)7 >y^F«3«§MOll»iHBlIISS 

SSHEVref 1, Vref2<7)*D 0 *i fc £ 55fir-*<0S> 

7 * & k V ^ #Jj|ii:#£>fi3:^ t <W , 

5 7 f - Sr rift LT V vfcv ^HfflHSIIIft & ATJ^ W7rl 

BFt txmrn it^xr-^zitKXimf-^T a 

A' 7 7r 1 2cowmzm^hh&&^ : T-?Vi!x->? 
(Hioi 4leHS) flf^'WtWn^ 
^CKcojLh^'D^^ sy^fff^rv\ NMOsryr 

k PMO SrvW-i'ffi n y ? C K<7)£ 
TA S W 5 V/T-ff * a J: 3 fc-f S - k T\ ifcWi 

LT -fc s -f S yfX'te NM0S7>7°kPM0S 
T>7tfT-fcOMV&fr*tftcb%:^£ol,ZlX^ 

te ± 6 Sflr- ? Or 4 W SMI) k ^ 3 £ HBfrf £ 

[0032] jjcfc, wtmnmmm*. ms&z. 
vm9m^xmwt&. ms^msmtmu. %\<r> 

mm (01) fxh-hXtl^y 7 r 1 3 A 1 , 1 3 A 
2i5«fct>"13Bl, 1 3B2tLT. 02 (A) fcH3 
(A) {SRf J:3&7>^£ftjil/CVv5rUNMOS7 
y7°k P M O S 7 vr^fflV *jfc yXfA 

wdBWfc**. Mwrnwi. y-y^nrntx^ 

Wfc8WCtt, Mftr-^TDATAOtlJ^-'f 5 y^'kb 

7°kPM0S7>-7°WiJ#MS<?)iaffiT'\ -fey?* 14 
Offi^jfi-f Q 2 fc b W.X#£ t t 

XU. HSt^SfLTV^i^t. jHftr-^TDATAk . 

-isfOR?- h 1 8 Aft*t4^f- KBfcikEIB 1 8 

[0033] £<DHSfifl|fct$W-6;Yf- HWikBIR 1 8 
{±, WIB^^X?;l/->-70R^-M 8Ak, EU^vn' 
77 7 1 2<^!&bK£»tl>MOSFET Trlk 



Tr 2<9^-hS : f t&Strt&A yA-^ I NV1 , I 

4>A-^ I NV 1 , I NV2«A:fi«9Vvf*u&»£gtjR 
■fS-fcU^^'18Cfc s -tU?*18B£)fc{il8Ctf> 
. fflijOVvjfu6»tWJ^-44£V^^ 1 8DkA>£>«£ 
flTti 9. feW 1 8 B k 1 8 C{iMfiT-^TDATA 
WtTWi|lii«fifti»(l, -feW* 1 8DliHUlB 
.4 ?X^;l/-y70Rt'-h 1 8 A^atfjfcJ^T^S 5 

[0034] 09 £14. 08^»Jti5(ti.#ft-f-cO 
5y^^SilTV>|,; 080»Wi4 > A-f-K 
RfeihlUK 1 8te«fcr>T. iSfir-^TDATAk-fe^^^ 1 

4 05tittfl#Q 2 cOHai/^W^^^ib * 1 
4CDW#ifi^-SELC0^^-f sy/w<t, iHfS 
T-^TDATAk-fel>^^.l 40tB*^Q20iftaK 
)U&mtmtel'?? 1 4^tD#i.ft-tSE LtOlE-fb^ 

-f $y^*3l<t*J:dfc«<. i.fUcJ:b, ■few* 

1 4<oaj*^Q2fct^<?yc;^4^fCrtffl[lIK 
^KlfH" SO* BHKri £ k ^T* & . 

[0035] &*5, A*A" 7 7r 13A1, 13A2fc 
«tt/13Bl, 13B2kLT..07 (A) , ( B j fc ■ 
7&t£tt5 vi-fiffigLcONMOSTyTb PMO ST 

' y7*m*te8s2ffmtm me > (asv^r'a:. 77^- 

0»'16A, l-6Bfcift-feV-^^I4A; 14BOffl 

7 ^-^ 4 5 . ±iat yims&i ? a 

5 v^k-ftL* J: 0 telftj&t* c k J: "5 . *»fii?iJo 

i. 0 &\?- m±®f& 1 8{±*g?&* . 

[ 0 0 3 6 ] &fc, *%0J!O^4 0»»J* ,010* 
m\*Xffl%1-&. 01 0coH»Jii:. ^*f-77"l 0 

a- 1 0 Bmiz&^ximwa 0 'tinxprn^r 

T-?m£m-&loteL1-zi><r>X'hh» tztzi, f- 
^cTJSil^i^ii-^ (0T1iAA^B) T'feS. 0^ 
LSr'v^ s &)ffl0)T-?&M ofcftt^NSEfttf - 77° 1 

0 Bj&»t 1 0 A^-^tfiBStsftftoaMnaiWf- 

7 7" 1 0 B s i; tz^imm^ 7 7" 1 0 A fcRtf feil 
. i<0HffiWC{4. €MH2 0cogfffflI!lfcrg 

[0037] iCOWfifi?lJfcfc(tl,jM«|lIS#ii, 2 f-y b 
OMftr-^TDATA-A, TDATA-BSr 7 7 f-f S 7 U 77"7 
. 077°FF1, F F 2 k , l£7 U 7 7°7 n 7 7°F F 1 , 
F F 2 fc'7 7 mtU/i?-? Z X~h tt & O R7--> G 

2 1 tJ itf AN D 7 s — b G 2 2 k v ffi^J 7- HiWWI 
^1 rAfcfeRStufeCMOS-/ 1 9AfcJ:tA' 
r7^7^ffi^Sl9BkfcJ;0«$fLTV^ o i 
cO^^CMOS-f yA'-^ 1 9A*fl|jt1"I.MOSFE 
T Tr3kTr4<7)^-Mg : F-fc{d:|tria7U7T7P 

77*f f 1 nttM&jrtfJJiZiil . 7-7 ^^.7' 

9B*«jfTI.MOSFET TrlfcTr 
2 <oy- h Si^fciifrlBO R 7 1 '- h G 2 1 h A N D 7 1 '- 
h G 2 2 OttJAfl|*6*«i-eShA* 8*14 . 



i( 7 )-0 0 3-2299 1 7 (P200 3-229 9 1 7A) 



[0038] gfiifcof-77°i o Bcogsmm 

S#iMEVrefl, Vref2, Vref3 ( Vrefl>Vref2> 
Vref3) WKte 3fflOl&»WfillI»a»fc%S A* 
EJSriBF l. IBF2, I BF3.ks A7JIII&&I BF 
1 k I BF2c0tti*SrA^k-ri)OR^-hG3 1 k. 
I BF 2C0m^jk iBF30RRHttfc* A^ktSA 
ND^-bG32.ks iOAND^'-hG3 2cOtB*k 
ml BA7J Hft I B F 1 WttttJ £ A* k t t O R^- h G 
3 3k*^«S^LTV^„ 
[0 0 3 9] <?-LT\ ifiO^fiMSfev-sTJi:, MSA* 
0J&IBF1, IBF2, I BF3«0-5*>I BFliig 
i) h 7 y v^J&SNf-v */l/M O S F E Tj^&S N M 
OS-feyX7VTA s , *JtI BF3Ji:lfBlh^yv^^ 
*«Pf-+*;WMOSFETj6»<5,*SPMOS-by^ry 
T^fflV^tLfV^. I BF 3iiNMOS-fe>X7> 

Vrefl, Vref2, Vref3(i, ZK^tlWmSNWCT) 6 
/7, 4/7, 2/7OJ:a*l"<.;l/k§fL|. 0 
J: '-5 1 , 'iMWKEVref lk Vref3A J M»Jl«iltIlS#<7) Vre 
f l&r?TO» \tftlX ATJff #0) 

[0040] £<oSefc0Jte*Mt*A*IIIBfr I B F 1 , I 
BF2, I B F 3iis. H7 (A) , ( B ) \,Z^cf i. 3& 

7 u v r ? n 7 t naa^HBTyTT t> , h 2 ( a ) 

*5J:V"H3 ( A) CO J: U vr7Vy?*f>&\M 



\^Hm9mKr-yTt%>AW *JWtEVrefl. Vref 
frb5-tX. £> Ji£V f - -x 7°i*if5 tdSKiMWIllHWr k> 

[0041] -*t, ^mmzmiT-fcoimwrtf 

fcqVYCRH&t*. jfe-f, BitlUHKis iHllr-^TDAT 
A- A, TDATA-BfcJBCT ffiTJ h 5 V S JX 9 T r 1 ~T r 4 

yicK k g&ffi 2 0 cOftffififfiR e ff)Wm k WtfctJE 

t*«ttfeJW:8#Ls zmmzmfn* 77 1 0 b 
<vmiwmm>b%t3^<n\±Wkin?i, ib 

F2, I BF3T-#HSmi± Vrefl, Vref2, Vref3k.it 
ttSftfctfcTflfflJStU A7J0SIIBF1, IBF 
2 , I B F 3 «'ffl*«tt-6*WB tTIW'**r- h G 3 1 
~ G 3 !&* jMfiT — $ TDAT A-A , TDATA-B k PJ-Ogfir'- . 
^RDATA-A , RDATA-B£t~Mtg 1 7 U 7 7°7 D 7 7°F F 1 
1, FF12U^77f^, l*iffl!!IH*tttt3*l 

[0042] JJWHUi Mftr-^TDATA-A, TDATA-B 
k, Htfjh?yiWTr l~Tr4W3i-y/5j-7«MI 
k , iraMU 2 0 k s g^ffllf - 7 7°C0A7J EE& I B 
Fl, IBF 2, IBF30yyjSA,l,SA2, SA 
3k. gitf-^RDATA-A, HMTA-BdOBBffi*^. 

[0043] 
' 



ate 


r-s" 


Tr1 


Tr2 


Tr3 


Tr4 




5AI 


SA2 


SA3 




TDAIA-A 


TDATA-B 


RDATA-A 


RDATA-B 


L 


L 


ON 


OFF 


ON 


OFF 


VDD 


H 


H 


H 


L 


L 


L 


H 


OFF 


OFF 


ON 


OFF 


5VDD/7 


L 


H 


.1 


L 


H 


H 


L 


OFF 


OFF 


OFF 


ON 


3VDD/7 


L 


L 


H 


H 




H 


H 


OFF 


ON 


OFF 


ON 


VDD/7 


L 


L 


1. 


H 


H 



[ 0 0 4 4 3 fil <£ I? , 2 1"7 h COjSff t— ^ TDATA- 
A, TDATA-B^MflK/UOfl-ttgSSi^tLTfEjaStj; 
OfijiSfU W2f7bcDgfir-^RDATA-A, RDATA 
-Bfcl t < U7tZti& Z k 3&**6>* . 

[0045] m^fwrn^z^x^fitz^mmm 
mitt?* mmmm itzi\ *wm$±Mmmmz 

r^rnhz^xmrn LtztK mmt^mmmm 
mmLtzx-Yi/x^mxcvmm-mmznm 
■thz.ktfx-*h> 

[0046] 

W=Sr t> <0 fe J: -3 1 # fi I % m & KM&mtttfX Tf H 



jEfltgilT-^ i k A S T"# 6 . 4fc- N 2-9 

®B$IBI«SaBli&*S:< gfir'--^ 9 & < f-l. 
. £ k «tt I. k v ^ mk»h % . 

[lafficoffim^ira] 

[Hi ] *fffiB&afflt7t:Kii#5R^ri*]'f y^7i-xl 

1 <D?mM*7Ft7"u 7 & . 

[EI 2] A7JHIIiS^-Mk LTC0NMOS^»7y7^ 
7Kf 08811*3 J; tP?-cD T >-7° t fe ft 6 VrefRJgwriB* 
ifc«HtBEVref i:«H«tSHWC*4 . 

[033 XJlES&cD-MblXcDPMOSmiTyTZ 

*1-HIIi8BI*5 i.V C; tCDT>7°ltZi5!ifZ> VrefffijgBTffi* 
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[H4 3 w, i (ommwzm&mmT-? t r vr<m 

X'hh. 

2 <Dmmm*^t7'n * ? mx% * . , 

[07 ] »2<Oia»0|ti3tt*7J]IlIHKO-Wi: LXV 
PMO S^»7y7"fe iW'NMO SH»Ty7^^f-|H 

[us j ifwrnmrnxxm y?y* -wmvm 
[ 0 9 ] m 3 ^ i) 5ifir- * t r y r <oaj 



[Hio] ^mnmmxum >?7^-x<nm4co 
ran] ti£^iW}9cerAW y^y^-xnmmMi 
[012] ttftomtisttritH y?7x-x\<zmv£ 

10A, 10B ¥iftf77' (*®ft*«Hlfi#) 

i ia, i ib mm- 

1 2 A, 1 2B i±J^A*.y7r 

ISA, 1 3B MJ^'/yr 

14A, 14B -feU?? 

1.5 A. 1 5B aj*T-^5vf-EI» 

16 A, 1 6B fflA?-#9v*0» 

17 A, 17B ffiK^S'W 

18 Aif-HR&±|II^ 



[01] 




ice 



20 



IB 



13A2 VSS* j 



[Vrefl 



13B1 




15B 







m 


-1 







163 



i-VSS 13B2 



ffJ--aROAfA-A 



[02] 



[03] 



Vrefl (Vref?) -)| 
01 




(A) 
iVDD 

— qQ5 

Vref2{Vref1) — IN 
03 




OUT 



(B) 



VDD • 

Vrefl 
(High) ^ 

Vref2.— »- 

aow) 

vss- 



VAN 

(VrefSSWffiSiB) 
Vds:Vth 



VDD 



(High) .-jir-. 

Vref2 _ rjilffi!™: 
(Low) 



VSS- 



VAP 

(VrerfieBr««5H) 
•— Vdsi-Vth 
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[04] 



[07] 



TDATA-A m 

0.0 
2.0 

(b) ^Mf~^L B 



(d) 



TDATA-B 



□ 



-■ o.o 

t.0,=i 
K 1.6 
1.0 



-.St 

0.0 

z.o 

U 1.1 

|iS 

-' 0.0 



53H 



JVrafKHigM 
j Vr«f»ao«) 



.0_Q__Q_JlJ 



0.6. •„_, 
O.Ol 1 



(f) MM0S7>^!HA | "|- 4 
i i.o ■ 

0.6p— 

o.o — 



(g) 



ga,f-*B' Slier" 



RDATA-B 



i.o 

i 0.6 
0.0 



isa 



4 A- J K.-..JK 



JSEL 



n n.n 



[05] 




IDATAo — i ' 



Dour 




Vre.fl Hl^QltP^Hp"!: 
(Hi Eh) 

CK 



CK 



(B) 



CK 



CK 



Vref2-cj| 
(Low) Q1 
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